Molecular dynamics simulations of ribonuclease T1: analysis of the effect of solvent on the structure, fluctuations, and active site of the free enzyme.
Molecular dynamics simulations were performed on ribonuclease T1 (RNase T1; EC 3.1.27.3) to determine a structure for the free enzyme. Simulations starting with the X-ray coordinates for the 2'GMP-RNase T1 complex were done in vacuo and with an 18-A water ball around the active site using stochastic boundary conditions to understand the influence of water on both the structure and fluctuations of the enzyme. Removal of 2'GMP caused structural changes in the loop regions, including those directly interacting with the bound inhibitor in the crystal structure, while regions of secondary structure were less affected. The presence of solvent in the simulation damped the structural changes observed, which may be related to the use of full charges in both simulations. Fluctuations were also affected by the water, which generally increased both at the surface and in the interior of the protein. The active site in vacuo collapsed upon itself, forming a number of protein-protein hydrogen bonds leading to larger structural changes and lowered fluctuations while the presence of water kept the active site open, minimized structural changes, and increased fluctuations. Such fluctuations in the active site may be important for the binding of inhibitors or substrates to the enzyme. Lastly, results from the water simulation allow the prediction of a motion for a hypothetical tryptophan at position 45, which can ultimately be tested experimentally via time-resolved fluorescence using a site-specific mutant of the enzyme.